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ABSTRACT 
 
Grass carp (Ctenopharyngodon idella), bighead carp (Hypophthalmichthys nobilis), and 
silver carp (H. molitrix), are three species of Asian carp that were intentionally introduced into 
the United States in the 1960s and 70s for use in aquaculture and fisheries management. These 
three species have established populations throughout the lower Mississippi River and its 
tributaries, and have spread into the Upper Mississippi and its tributaries. Asian carp are very 
fecund and feed at lower trophic levels, potentially posing serious negative impacts for native 
species by the removal of essential forage and habitat. In the United States, research on Asian 
carp has focused nearly exclusively on large rivers (e.g., the Mississippi, Missouri, and Illinois 
rivers) and little is known about the use of smaller rivers and streams by Asian carp. Because 
small streams are usually less productive than larger rivers, they may be more vulnerable to 
potential depletion of zooplankton, phytoplankton, aquatic vegetation, and other negative effects 
from invasive Asian carp. To assess the use of stream habitats by Asian carp, I compared rates of 
geographic expansion of Asian carp in the Mississippi and Illinois rivers with their tributaries, 
and conducted a field survey of first through fourth order streams along a 128 km reach of the 
Illinois River. 
Data for my analysis of geographic expansion came from four independent survey 
programs: routine monitoring by the Illinois Department of Natural Resources, the Long Term 
Resource Monitoring Program, the Long Term Illinois, Mississippi, Ohio, and Wabash River 
Fish Population Monitoring Program, and the Illinois Natural History Survey Collections 
Database. Geographic expansion by Asian carp in Illinois began in the southwest quadrant of the 
state and moved upstream along the Mississippi and Illinois rivers. Cumulative frequency 
distributions indicate that, similar to other invasive species, Asian carp in Illinois experienced a 
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substantial period of lag followed by a period of rapid geographic expansion. Grass carp began to 
expand rapidly, in the mainstem rivers and tributaries, after 25 years of lag. Silver carp entered 
rapid expansion after 16 years. Bighead carp experienced 10 years of lag in the mainstem rivers, 
but just 8 years in tributaries. Though lag times differed, all three species began rapid expansion 
within a seven year period. Cumulative frequency distributions of occurrence in the mainstem 
rivers were very similar for bighead and grass carp. For silver carp, cumulative frequency 
distributions in the mainstem rivers and tributaries were very similar. Sampling efforts in 35 sites 
in first- through fourth-order streams along the La Grange Reach of the Illinois River during the 
summer of 2009 produced five grass carp and no bighead or silver carp. Cumulative frequency 
distribution analysis of survey records suggests that geographic expansion of Asian carp in 
tributaries of the Illinois and Mississippi rivers is in an early stage and likely still increasing. The 
small number of stream occurrences of Asian carp in my field work are consistent with this 
notion. Continued monitoring of tributaries throughout the state is recommended.  
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CHAPTER 1:  INTRODUCTION 
  
Prior to the existence of modern humans, the distribution of most freshwater aquatic 
organisms was regulated by the world’s geography. Climate regions, oceans, mountain ranges, 
and catchment basins form natural barriers that promoted the evolution of idiomatic freshwater 
species unique to a particular geographic region (Rosenfield 2002; Olden and Poff 2004; Rahel 
2007). Humans have introduced fishes into new areas since the beginning of recorded history 
and with the advent of modern transportation, have virtually erased natural barriers (Bain 1993; 
Olden and Poff 2004; Didham et al. 2005; Rahel 2007; Olden et al. 2008). The already large 
number of species that humans have introduced outside of their natural range continues to grow 
(Lodge 1993a, 1993b; Marchetti et al. 2004), adding stress to extant native species. 
Non-native species are more likely to become invasive in disturbed environments (Vitule 
et al. 2012) and humans have altered freshwater ecosystems in all parts of the world through 
ecosystem destruction, physical habitat alteration, water chemistry alteration, and direct species 
additions and removals (Malmqvist and Rundle 2002). Invasive species have been linked to the 
decline and disappearance of indigenous species, habitat alterations, ecological shifts, and 
negative economic impacts (Strayer 2010). Invasive fishes often have far-reaching impacts on 
aquatic ecosystems (Pimentel et al. 2000, 2005). For example, in the Laurentian Great Lakes the 
parasitic sea lamprey (Petromyzon marinus) was largely responsible for drastic declines in lake 
trout (Salvelinus namaycush) and burbot (Lota lota) (Smith and Tibbles 1980). Cascading effects 
from the loss of these two native piscivores included population increase in introduced alewife 
(Alosa pseudoharengus), declines of other native species, and losses to sport and commercial 
fishing (Wells 1970; Emery 1985; Madenjian et al. 2008).  
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In Illinois, attention has turned toward three carp species from Asia—bighead carp 
(Hypophthalmichthys nobilis Richardson), silver carp (H. molitrix Valenciennes), and grass carp 
(Ctenopharyngodon idella Valenciennes). These non-native Asian carps invaded Illinois via the 
Mississippi River, where they were previously established (Schofield et al. 2005). Invasive Asian 
carp have since spread into and established thriving populations in the Illinois River, the Illinois 
portion of the Upper Mississippi River, and their tributaries. Bighead and silver carp are now 
estimated to constitute the majority of the fish biomass captured in the lower half of the Illinois 
River (Sass et al. 2010; Garvey et al. 2012). Large populations of bighead and silver carp can 
shift plankton communities toward dominance by smaller species (Opuszynski 1979; Opuszynski 
and Shireman 1993; Wu et al. 1997; Lu and Xie 2001; Lu et al. 2002; Cooke et al. 2009) and 
large numbers of grass carp can significantly reduce plant biomass or alter plant dominance 
(Clugston and Shireman 1987; Leslie et al. 1994). Resource managers in Illinois are now 
attempting to find ways to control or reduce their numbers in these mainstem rivers.  
Ecologists are beginning to understand how Asian carp may be affecting mainstem river 
ecosystems in the United States (e.g., Pimentel et al. 2005; Irons et al. 2007; Sampson et al. 
2009; Sass et al. 2010). However, to date no publication has examined how or to what extent 
Asian carp use and/or affect smaller tributaries. Smaller streams may be more susceptible to 
negative impacts from Asian carp than larger tributaries and rivers. Smaller streams are less 
stable and less productive than larger streams (Fisher and Likens 1973; Minshall 1978). As a 
result, smaller stream ecosystems may be more sensitive to disturbance than those of larger 
tributaries and rivers (Vannote et al. 1980; Meyer et al. 2007). Therefore, the proportion of Asian 
carps in smaller streams may need to be only a fraction of that in rivers to pose significant 
impact. 
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The goal of this thesis is two-fold: (1) to compare the geographic expansion of Asian carp 
in the Upper Mississippi and Illinois rivers with their geographic expansion in tributaries, and (2) 
to determine the frequency of occurrence of Asian carp in smaller streams. To accomplish these 
goals, I used existing survey data to generate two sets of annual occurrence maps for bighead, 
grass, and silver carp: one set for the mainstem Mississippi and Illinois rivers, and one set for 
their tributaries. I then conducted a field survey of streamfish in streams < fourth order in the La 
Grange Reach of the Illinois River. Combining my field results with existing survey data, I 
compared cumulative frequency distributions of occurrence between the mainstem rivers and 
their tributaries for each species.  
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CHAPTER 2:  LITERATURE REVIEW 
 
Invasive species are a leading cause for ecological concern worldwide. Invasive species 
detrimentally affect the environment, other species, or both, and are usually anthropogenically 
introduced non-native species (Invasive Species Advisory Committee 2006; Simberloff 2008). 
Pimentel et al. (2005) estimated that about 50,000 non-native species have been introduced in the 
United States throughout the country’s history. Introductions have been intentional and 
accidental. Non-native species have been intentionally introduced for various purposes, including 
agriculture, forestry, landscape management, and wildlife management. These introductions have 
produced positive economic gains estimated at roughly $800 billion per year (Pimentel et al. 
2000, 2005). However, some introduced species become invasive, and are estimated to cost the 
U.S. economy over $138 billion annually (Pimentel et al. 1999). The U.S. Congressional Office 
of Technology Assessment (OTA) estimated that at least 4,500 non-indigenous species have 
established free-living populations in the United States. Just 79 invasive species have cost the 
U.S. about $97 billion during 1906–1991 in the forms of lost revenue and control expenditures 
(U.S. Congress 1993). Invasive species have been linked to the decline and extirpation of 
indigenous species, habitat alterations, ecological shifts, and negative economic impacts (Strayer 
2010). Pimentel et al. (2005) estimated that nearly 42 percent of the threatened and endangered 
species under the Endangered Species Act are at risk at least in part due to invasive species. 
Some of the broadest effects of non-native species have come from introduced aquatic invasive 
species. 
Introduced fish species frequently have far-reaching effects on aquatic ecosystems 
(Pimentel et al. 2000, 2005). For instance, in the Laurentian Great Lakes, the parasitic sea 
lamprey (Petromyzon marinus) was largely responsible for declines in lake trout (Salvelinus 
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namaycush) and burbot (Lota lota) (Smith and Tibbles 1980; Emery 1985). These two native 
predators also feed on alewife (Alosa pseudoharengus), another introduced species, keeping their 
numbers in check. When the lake trout and burbot populations collapsed, alewife population 
growth increased rapidly. Alewife out-competed native fishes for plankton and preyed on their 
eggs and larvae (Wells 1970; Madenjian et al. 2008). As native populations declined through the 
alewife cascade, commercial and sport fisheries suffered from declining catch rates of desirable 
species (Smith and Tibbles 1980; Emery 1985). 
In Illinois, attention has turned toward three Asian carp species, bighead carp 
(Hypophthalmichthys nobilis Richardson), silver carp (H. molitrix Valenciennes), and grass carp 
(Ctenopharyngodon idella Valenciennes), hereafter referred to collectively as Asian carp. Since 
first appearing in Illinois in the early 1970s and 80s, these aquatic invasive species have 
established thriving populations in the wild. They now constitute the majority of the fish biomass 
in the lower half of the Illinois River (Sass et al. 2010; Garvey et al. 2012). Asian carp are valued 
food fish in many countries. Their utility in pond management has made them favorites for 
aquaculturists worldwide, but in the United States, their introduction and subsequent success has 
the potential to negatively affect inland fisheries in Illinois and other states. Commercial 
fishermen in Illinois have experienced increasing catches of bighead, silver, and grass carp, 
while the catch percentages of more economically valuable native species has declined (IDNR 
1980–2009; Irons et al. 2007).  
Native fishes may also be adversely affected by Asian carp. For example, large 
populations of grass carp have the potential to reduce or alter the aquatic plant community of a 
given area, altering water quality and depriving other aquatic species of forage and habitat (Bain 
1993). Schrank et al. (2003) reported reduced growth rates for juvenile paddlefish (Polyodon 
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spathula) when age-0 bighead carp were introduced into experimental ponds, which could 
indicate that bighead carp have the potential to compete with paddlefish for food in the wild. 
Sampson et al. (2009) found dietary overlap of bighead and silver carp with gizzard shad 
(Dorosoma cepedianum) and bigmouth buffalo (Ictiobus cyprinellus), which could be a negative 
effect if forage is limiting. Irons et al. (2007) showed that the body condition of gizzard shad and 
bigmouth buffalo was negatively correlated with the commercial harvest of bighead and silver 
carp. However, the authors were careful not to definitively link this trend to Asian carp, as other 
factors may have contributed to the decline. Such studies indicate a potential for Asian carp to 
adversely affect native species, but at present it is unclear if, or to what extent, the introduction 
of Asian carp has affected Illinois fisheries and ecosystems.  
The exponential increase of Asian carp in the Illinois River poses a new dilemma for 
biologists. Strayer (2010) suggested that the impact of invasive species is typically negative and 
often exacerbated by ecologic disturbance, but McClelland et al. (2012) found that the mean 
relative abundance of native fish species has increased in the Illinois River since the mid-1970s. 
Likewise, species richness for native and nonnative fishes has increased in the Illinois River 
since the 1980s (McClelland et al. 2012). There are many possibilities as to why this has 
occurred. For example, McClelland et al. (2012) suggested that restoration efforts on the Illinois 
River, which began with the passage of the Clean Water Act in 1972, may have had a significant 
influence on these increases. However, the Illinois River fish community, which is still 
recovering from past degradation, seems unable to resist or slow the invasion of Asian carp. 
Regardless of any potential influence on the Illinois River by Asian carp, resource 
managers and policy makers are concerned. Bighead and silver carp are poised to enter Lake 
Michigan via the Chicago Sanitary and Ship Canal, prompting a shift in control efforts (Pegg and 
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Chick 2004; Hill and Pegg 2008; Sass et al. 2010; Patel et al. 2011). In February 2010, President 
Barack Obama announced the creation of the Asian Carp Control Strategy Framework and 
allocated $78.5 million to combat the spread of Asian carp into the Great Lakes (Stokstad 2010; 
Hinterhuer 2012). Three electric fish barriers have been constructed in the Chicago Sanitary and 
Ship Canal, which link the Illinois River with Lake Michigan (Schofield et al. 2005; Chapman 
2006; Stokstad 2010). In addition, the Army Corps of Engineers installed a three mile-long chain 
link mesh barrier between the Chicago Sanitary and Ship Canal and the Des Plaines River to 
prevent fish passage during floods. In the U.S. Congress, a proposal was made to sever the 
Illinois River from Lake Michigan by closing canals and rivers connecting the two bodies of 
water (Stokstad 2010). The original proposal was rejected, but studies continue (Vielmetti 2011). 
In January, 2012, the Great Lakes Commission and the Great Lakes and St. Lawrence Cities 
Initiative (GLC) published a report outlining potential methods and locations for physical 
barriers that could separate Lake Michigan from the Illinois River (GLC 2012). 
The bighead carp is native to rivers of eastern Asia, ranging from North Korea to 
southeast Russia (Kolar et al. 2005, 2007; Schofield et al. 2005). It is a large, fast-growing 
fusiform fish with a large head that can reach over a meter in length and weigh over 40 kg 
(Jennings 1988; Kolar et al. 2005, 2007; Schofield et al. 2005). In its native range, the bighead 
carp lives primarily in large rivers and floodplain lakes in temperate climates (Kolar et al. 2005, 
2007). It will gravitate to low-velocity habitats in large rivers, such as eddy zones behind wing 
dikes, but it also inhabits large tributaries, especially meandering sections that cross the 
floodplain (Kolar et al. 2005, 2007; DeGrandchamp et al. 2008).  
The bighead carp is zooplanktivorous but will feed on phytoplankton and detritus when 
zooplankton concentrations are low (Cremer and Smitherman 1980; Jennings 1988; Laird and 
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Page 1996; Schofield et al. 2005; Kolar et al. 2007). The gill rakers of bighead carp are long and 
comb-like and the eyes are situated low on the sides of the head, allowing them to see “forward” 
while filter-feeding at the surface of the water (Jennings 1988; Laird and Page 1996; Schofield et 
al. 2005). With an average gill raker width of 20–60 μm, the bighead carp is capable of filtering 
food particles down to 17 μm (Sampson 2005). Large populations of bighead carp can shift a 
plankton community toward domination by species smaller than 17 μm (Opuszynski 1979; 
Opuszynski and Shireman 1993; Wu et al. 1997; Lu and Xie 2001; Lu et al. 2002; Cooke et al. 
2009). 
In its native range, the bighead carp can reach sexual maturity in 5–7 years (Billard 1999; 
Schofield et al. 2005). It is a prolific group spawner with a long reproductive season. In the 
temperate regions of eastern Asia, the bighead carp begins spawning when water temperatures 
reach 22–26˚C (71–79˚F) (Jennings 1988; Schofield et al. 2005; Papoulias et al. 2006). 
Throughout the spring, breeding adults migrate to the upper reaches of large rivers during 
periods of high flow. Spawning males and females release their gametes at or near the surface of 
fast-moving water (Shireman and Smith 1983; Laird and Page 1996; Kolar et al. 2005, 2007). 
The semi-buoyant fertilized eggs then drift downstream until the current begins to subside 
(Shireman and Smith 1983; Jennings 1988; Laird and Page 1996), at which point the newly 
hatched larvae enter small streams and backwaters to mature (Stanley et al. 1978; Abdusamadov 
1987; Laird and Page 1996; Kolar et al. 2005, 2007). Mature females may produce anywhere 
from 280,000 to over 1,000,000 eggs per individual. 
Silver carp are closely related to bighead carp (Kolar et al. 2005, 2007; Papoulias et al. 
2006). They are native to the large lowland rivers of southeastern China and far eastern Russia 
(Kolar et al. 2005, 2007; Schofield et al. 2005). Silver carp are large, fast-growing fusiform fish 
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with a slightly smaller head than bighead carp (Kolar et al. 2005, 2007; Schofield et al. 2005). In 
their native range, silver carp gravitate to areas with low-velocity currents in large rivers, lakes, 
and backwaters. The eyes are low on the sides of the head. The gill rakers are fused and sponge-
like, with an average width of 20–25 μm, and can filter particles down to 4 μm (Kolar et al. 
2007). Adults feed primarily on phytoplankton, but they will also feed on zooplankton and 
detritus (Cremer and Smitherman 1980; Jennings 1988; Laird and Page 1996; Lu and Xie 2001; 
Schofield et al. 2005). Large populations of silver carp can shift a phytoplankton community 
toward smaller plankton species that cannot be filtered by their gill rakers (Opuszynski 1979; 
Opuszynski and Shireman 1993; Wu et al. 1997; Lu and Xie 2001; Lu et al. 2002; Cooke et al. 
2009). 
In their native range, silver carp reach sexual maturity in 4–6 years (Billard 1999; 
Schofield et al. 2005). Female fecundity ranges anywhere from 265,000 to 2,000,000 eggs per 
individual (Laird and Page 1996; Kolar et al. 2005, 2007; Schofield et al. 2005). Silver carp are 
prolific group spawners with a long reproductive season. In the temperate regions of East Asia, 
they begin spawning when water temperatures reach 21–26˚C (70–79˚F). In the United States, 
spawning does not end until water temperature begins to decline in late summer. In some years 
this may not occur until mid-September (Jennings 1988; Kolar et al. 2005, 2007; Papoulias et al. 
2006). Due to the extreme similarity of spawning patterns, bighead and silver carp are known to 
hybridize naturally (Kolar et al. 2005, 2007; Lamer et al. 2010). 
Resource managers imported live specimens of bighead and silver carp in the early 1970s 
to assess their usefulness for improving water quality in aquaculture ponds (Cremer and 
Smitherman 1980; Jennings 1988; Kolar et al. 2005, 2007; Schofield et al. 2005). Kolar et al. 
(2007) reported that the first wild bighead carp was caught in 1981 on the Ohio River at river 
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mile 919 in Kentucky. Silver carp were first captured in 1974-75 in Arkansas on Bayou Meto 
and the White River (Kolar et al. 2007). By the early 1980s, bighead and silver carp were found 
in the Mississippi and Ohio rivers (Kolar et al. 2005, 2007; Schofield et al. 2005). By the late 
1990s, they were firmly established in the Mississippi, Missouri, and Ohio rivers (Kolar et al. 
2005, 2007; Schofield et al. 2005). By 2000, fisheries managers and biologists were observing 
rapidly increasing numbers of bighead and silver carp in the Mississippi, Missouri, and Illinois 
rivers (Chick and Pegg 2001; Kolar et al. 2005, 2007). 
Grass carp are native to the Amur River basin, which stretches from far eastern China and 
Russia to the West River of southern China (Shireman and Smith 1983; Opuszynski and 
Shireman 1993; Schofield et al. 2005). The grass carp is an oblong fish with a rounded belly and 
broad head. It can attain a total length of 1.5 meters and a body weight > 45 kg (Laird and Page 
1996; Schofield et al. 2005). The eyes are level with the axis of the body or slightly higher 
(Shireman and Smith 1983; Schofield et al. 2005). The average life span of grass carp is 5–11 
years, but they have been observed to live as long as 21 years (Schofield et al. 2005). Unlike 
bighead and silver carp, grass carp are phytophagous. Gill rakers are short, unfused, and widely 
set (Shireman and Smith 1983). Grass carp have serrated pharyngeal teeth, which are used for 
crushing plant material. Although primarily herbivorous, grass carp are known to feed on aquatic 
macroinvertebrates and small fish (Schofield et al. 2005). Typical habitats for adult grass carp 
include quiet waters, such as lakes, ponds, pools, and the backwaters of large rivers. Shallow 
water is the generally preferred habitat for grass carp, although deeper waters are used when 
water temperatures decline (Nixon and Miller 1978). Adults generally do not travel long 
distances except for annual migrations upstream to spawn (Mitzner 1978; Nixon and Miller 
1978; Bain et al. 1990). 
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Grass carp are prolific spawners. In their native range, grass carp females reach maturity 
in 2–7 years and attain standard lengths of 580–670 mm. Males mature an average of one year 
earlier at standard lengths of 510–600 mm (Shireman and Smith 1983; Schofield et al. 2005). 
Female grass carp fecundity ranges from 500,000 to 2,000,000 eggs (Shireman and Smith 1983). 
Similar to bighead and silver carp, spawning grass carp migrate to the upper reaches of large 
rivers and release their gametes in elevated flows, leaving the fertilized eggs to mature and hatch 
as they are carried downstream by the current. Despite overlapping spawning habits, natural 
hybridization between grass carp and bighead or silver carp has not been documented (Shireman 
and Smith 1983). 
Grass carp can significantly reduce aquatic vegetation in an area (Clugston and Shireman 
1987; Leslie et al. 1994). Removal of plant biomass can alter an aquatic ecosystem by decreasing 
dissolved oxygen through reduced photosynthesis, increasing water temperature through 
increased light penetration into the water column, or by increasing turbidity and nutrient loading 
through decreased filtration and processing by plants (Lembi et al. 1978; Bonar et al. 2002). By 
removing only their preferred plant species, other potentially less desirable plants may be freed 
to expand their territories (Bonar et al. 2002). Removal of plants also removes vital habitat for 
crustaceans, aquatic macroinvertebrates, small minnows, and young fish (Forester and Avault 
1978). 
Fisheries managers first introduced grass carp in the early 1960s to study their utility as a 
management tool for controlling aquatic plants in rivers, lakes, and ponds (Guillory and 
Gasaway 1978; Pflieger 1978; Clugston and Shireman 1987; Schofield et al. 2005). By 1987, 
over half of the states in the U.S. had introduced grass carp for their utility in controlling aquatic 
plant growth (Allen and Wattendorf 1987). The majority of these states permitted only triploid 
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grass carp, which are normally sterile (Stanley et al. 1978; Allen et al. 1986; Allen and 
Wattendorf 1987; Clugston and Shireman 1987; Schultz et al. 2001), but at least a dozen states 
allowed the use of fertile diploids (Allen and Wattendorf 1987). Several states, including Illinois, 
continue to use triploid grass carp as a biological plant control agent in private ponds and public 
impoundments. However, many states now restrict grass carp or prohibit them entirely because 
of their potential to alter aquatic ecosystems through excessive plant removal (Clugston and 
Shireman 1987). Diploid grass carp that had been introduced intentionally or unintentionally 
have spread to almost all of the lower 48 states (Guillory and Gasaway 1978; Schofield et al. 
2005). In the Illinois River system, grass carp are appearing with increasing frequency in a 
greater number of locations (D. Carney, IDNR, personal communication). 
Invasion biologists have identified six general stages of the invasion process, which are 
common across taxa. These stages include: (1) transport—physical movement from one location 
to another, (2) introduction—organisms entering a new, novel environment, (3) establishment—
population becomes large enough to be naturally self-sustaining, (4) lag—period between initial 
introduction and subsequent population explosion following establishment, (5) spread—
population grows explosively, expanding in geographic habitation, and (6) impact—both 
ecological and economic (Lodge 1993b; Moyle and Light 1996; Simberloff 1996; Kolar and 
Lodge 2001; Sakai et al. 2001). Crooks and Soulé (1999) wrote that lags are normal in any 
founding population. They describe how a population grows relatively slowly at first and then 
gains momentum. Consequently, the rate of geographic expansion by a growing population also 
increases over time. To test whether Asian carp followed the typical invasive species pattern in 
Illinois, I used existing survey data to map their occurrence from first appearance in 1971 
through 2009 and generated cumulative frequency distributions to visualize changes in rates of 
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geographic expansion for the same period. I also analyzed cumulative frequency of occurrence to 
compare rates of expansion in the mainstem rivers with those of their tributaries.  
Smaller streams may be more susceptible to potential negative effects by Asian carp than 
larger tributaries and rivers. Smaller streams are less productive (input is more allochthonous 
than autochthonous) than larger streams (Fisher and Likens 1973; Minshall 1978; Vannote et al. 
1980; Schlosser 1987; Rosi-Marshall and Wallace 2002). Schlosser (1987) postulated that 
upstream reaches are predominantly shallow and contain less habitat for fish due to seasonal 
fluctuations and poorly developed pool systems. Smaller streams are typically populated with 
smaller minnows and juveniles of larger species. Conversely, larger downstream reaches are 
more developed with deeper pools, greater habitat heterogeneity, greater depth, are less prone to 
seasonal variation, and support larger fish species and older life stages of fishes. Schlosser 
(1987) suggested that streams increase in stability in a downstream gradient, which is manifested 
by a fish community composed of increasingly more species and larger fish through the middle 
reaches, but lower fish species richness and larger bodied species in the lower reaches. As a 
result, smaller stream ecosystems may be more sensitive to disturbance than those of large rivers 
(Vannote et al. 1980; Meyer et al. 2007). Therefore, the number of Asian carps in smaller 
streams may need to be only a fraction of that in rivers to pose significant effects. 
Bighead, silver, and grass carp first appeared in Illinois in the 1970s and 80s. By 2000, 
bighead and silver carp were firmly established in the Illinois River (Chick and Pegg 2001). 
There is a growing library of information on Asian carp in relation to large rivers in the United 
States (e.g., Pimentel et al. 2005; Irons et al. 2007; DeGrandchamp et al. 2008; Sampson et al. 
2009; Sass et al. 2010). However, to date, no publication has directly examined how or to what 
extent Asian carp relate to smaller tributaries. To determine whether Asian carp use smaller 
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streams in Illinois, I examined existing fish data from state survey agencies. I also conducted a 
stream fish survey of first- through fourth-order streams throughout the La Grange Reach 
drainage area of the Illinois River to assess the presence of Asian carp in the smaller streams of 
this region. 
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CHAPTER 3:  METHODS 
 
Geographic expansion of invasive Asian carp in Illinois 
Fisheries survey data (sample date, location, species, and number of fish collected) was 
provided by the following agencies: 
• The Illinois Department of Natural Resources (IDNR) Fisheries Division, which 
conducts basin-wide surveys annually, focusing on a different river basin each year.  
• The Illinois Natural History Survey Fish Collection (INHS), which contains museum 
specimens dating back to the late 1800s. Museum specimens are acquired through 
sampling events carried out with varying protocols by INHS personnel as well as 
through donations from other collections and from other organizations such as the 
IDNR. 
• The Long Term Illinois, Mississippi, Ohio, and Wabash River Fish Population 
Monitoring Program (LTEF). The LTEF is a cooperative project between the INHS, 
the IDNR, and the U.S. Fish and Wildlife Service. The program has monitored fish 
populations in the Illinois River since 1957 and expanded into the Mississippi, Ohio, 
and Wabash rivers after 2010 (McClelland and Sass 2012). My study only uses data 
collected from the Illinois River. 
• The Long Term Resource Monitoring Program (LTRMP), a component of the U.S. 
Army Corps of Engineer’s Upper Mississippi Restoration Program, which began 
monitoring the Upper Mississippi River System (UMRS, including the Illinois River) 
in 1989. The LTRMP is an ongoing joint project between the U.S. Army Corps of 
Engineers, U.S. Geological Survey, U.S. Fish and Wildlife Service, U.S. 
Environmental Protection Agency, and the states of Illinois, Iowa, Minnesota, 
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Missouri, and Wisconsin.1
 
 The LTRMP has over 20 years of monitoring data for six 
trend areas on the UMRS, which are available at 
www.umesc.usgs.gov/data_library/fisheries/fish1_query.shtml. 
Programmatic differences among the four monitoring sources needed to be adjusted for in 
comparisons and interpretation of geographic expansion data. Only the IDNR and INHS 
monitoring sources provided tributary data. LTRMP data, which cover less than half of the time 
period, account for 91% of all river samples (Table 1). The LTEF and LTRMP monitoring 
programs conduct intensive surveys of specific reaches of the Illinois and Mississippi rivers. This 
is very different from the surveys conducted by the IDNR or the INHS collection work, so 
comparing annual expansion rates from these more general surveys to the reach-intensive survey 
of LTRMP and LTEF would need to be adjusted. Specifically, multiple occurrences of Asian 
carp at a single LTRMP or LTEF reach does not provide the same information on geographic 
expansion as multiple occurrences of Asian carp in the general state-wide surveys conducted by 
the IDNR and INHS. I compensated for these differences among program sampling intensity by 
using only a single representative occurrence per species per river segment per year for LTEF 
and LTRMP data.  
I generated occurrence maps by importing presence-absence data into ArcMap. Each 
Asian carp species was assigned its own unique symbol. A time series was produced by 
generating occurrence maps for each year represented in the data. Cumulative frequency 
distributions (CFDs) were generated for each species to visualize the expansion rates of Asian 
carp in Illinois from first appearance in 1971 through the end of 2009. Annual cumulative 
                                                          
1http://www.umesc.usgs.gov/ltrmp/about_us_background.html (Available: 6/24/2012) 
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frequency of occurrence was calculated by dividing each year’s number of sampling sites 
containing Asian carp by the total number of sampling sites containing Asian carp (all years) and 
multiplying by 100. Each CFD contained two curves representing: (1) cumulative frequency of 
occurrence for the Illinois River and the Illinois portion of the Mississippi River and (2) 
cumulative frequency of occurrence for all tributaries of the Illinois and Mississippi rivers within 
Illinois. Preliminary examination of the CFD curves showed that all three species had a rapid 
increase in expansion rate after their CFD reached 10%. Therefore, I subjectively defined the 
period in from first occurrence to CFD = 10% as the “lag period,” and the period after CFD 
reached 10% as the “rapid expansion period.” 
 
Use of small streams by Asian carp in the La Grange Reach drainage area of the Illinois River 
The La Grange Reach is a 129 kilometer stretch of the Illinois River between the Peoria 
Lock and Dam (L&D) and the La Grange L&D (Irons et al. 2007) (Figure 1). First- through 
third-order (1o–3o) stream segments were identified throughout the La Grange Pool drainage area 
using the 2006 DeLorme Gazetteer of Illinois (DeLorme 2006). During the summer of 2009, I 
sampled randomly selected sites in these streams, within a total land area of 40,922 square 
kilometers. Sampling sites were selected from a pool of 169 candidate sites. Candidate sites were 
grouped according to stream order, producing six categories: 1o–3o streams connected directly to 
the mainstem Illinois River, and 1o–3o streams connected to major tributaries of the Illinois 
River: the LaMoine, Mackinaw, Sangamon, and Spoon rivers. Six sites were randomly selected 
from each category to form a final working group of 36 sample sites spread throughout the La 
Grange Reach drainage basin. Alternate sites were also selected in the event that any primary 
sampling sites proved to be inaccessible or unworkable. These lists were systematically 
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exhausted until a total of 35 locations had been sampled. Public bridges were used to access most 
sites. To test whether Asian carp could be captured in consecutive years, two sites where Asian 
carp had been collected in 2008 on McKee Creek were included in the primary group.  
At each site, I established two 50 m sampling transects. The lower transect began 50 m 
downstream from the bridge and extended another 50 m further downstream. The upper transect 
began 50 m upstream from the bridge and extended another 50 m further upstream. Transects 
were isolated by block nets with 3-mm mesh that were erected first at the lower extent and then 
at the upper extent. Fish were collected with either a 2.4-m long x 1.2-m deep minnow seine or a 
3.7-m long by 1.5-m deep bag seine with 3 mm mesh. Depletion sampling was used, by which 
successive seine hauls (at least three) were conducted until few fish were caught and no new 
species appeared in the catch (Zippin 1958; Lockwood and Schneider 2000). Whenever possible, 
all fish collected were identified and released alive at the downstream side of the lower block net 
to avoid resampling the same individuals during subsequent passes. Some individuals were 
euthanized in MS222 and preserved in formalin to be kept as voucher specimens in accordance 
with rules outlined by the Illinois Institutional Animal Care and Use Committee (IACUC). All 
Asian carp specimens were preserved and kept as vouchers. All voucher specimens were 
deposited into the Illinois Natural History Survey Fish Collection when the study was completed. 
To test for species-habitat associations, stream habitat data were collected either prior to or 
immediately following fish sampling. Using procedures described by Murphy and Willis (1996), 
I collected data for mean stream width and thalweg depth, transect length and width, air and 
water temperature, Secchi transparency (cm), stream flow (m/s), substrate type, presence/absence 
of aquatic vegetation, and presence/absence of riparian vegetation. 
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Thirty-five sites were sampled during the summer of 2009 (Figure 1). Fieldwork was 
divided into two sampling periods. Sampling period one ran from June 25 through July 9 and 
sampling period two ran from August 31 through October 14. Ten sites were sampled in period 
one and 25 sites were sampled in period two. Many of the 1o streams were already dry by the 
beginning of period one, so alternate sites were selected to replace them. When all 1o alternate 
sites were exhausted, 4o sites were identified and sampled. In total, three 1o sites, fourteen 2o 
sites, eleven 3o sites, and seven 4o sites were sampled (including the 2 sites on McKee Creek that 
were sampled in 2008).  
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CHAPTER 4:  RESULTS 
 
Geographic expansion by Asian carp  
Asian carp were collected from a total of 3,034 sample locations from the Illinois River, 
the Illinois portion of the Mississippi River, and their tributaries during 1971–2009 (Table 2). 
The majority of these samples (94.5%) were from the two mainstem rivers, whereas only 5.5% 
were from tributaries. Silver carp had the greatest occurrence rates and were collected from 
1,298 sample locations (43% of Asian carp occurrences): 1,251 times in the mainstem rivers and 
47 times in their tributaries. Grass carp occurred in 1013 samples (33% of total): 924 river 
samples and 89 tributary samples. Bighead carp occurred 723 times (24% of total): 693 times in 
the mainstem rivers and 30 times in their tributaries.  
Geographic expansion by Asian carp in Illinois began in the Mississippi River then 
moved upstream in the Big Muddy, Kankakee, and Illinois rivers (Appendix). Subsequent 
encroachment into smaller tributaries occurred as expansion progressed upstream in the 
mainstem rivers (Figures 2–4; Table 2). The first grass carp occurrence was in 1971 in the 
Mississippi River between the Bug Muddy and Kankakee rivers, 12 years prior to the initial 
collections of bighead and silver carp (Figure 2). Grass carp appeared in the Illinois River eleven 
years later in 1982. In 1990, a grass carp was caught in the Chicago River just outside of Lake 
Michigan (Figure 3). Larger numbers of grass carp occurrences began in 1992 when they were 
collected along a 240-kilometer stretch of the Mississippi River from Alexander County to 
Monroe County. During 1994–2009, the rate of grass carp occurrences steadily increased in the 
Illinois and Mississippi river drainages in the central and lower portions of the state (Figure 4). 
The first occurrence of silver carp in Illinois was in 1983 on the Mississippi River near 
the Big Muddy River (Figure 2; Table 2). Silver carp appeared again in 1986 on the Mississippi 
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River roughly 450 river kilometers upstream in Hancock County (Appendix). Silver carp were 
collected only once between 1987 and 1994. Silver carp appeared in central Illinois in 1998 and 
just two years later, silver carp were collected along a 254-kilometer stretch of the Illinois River 
from its junction with the Mississippi River to Peoria (Figure 3). In 2003, silver carp were found 
in the Spoon and Sangamon rivers, and by 2006, silver carp were in every major tributary of the 
Mississippi River in the lower half of Illinois (Figure 4).  
Bighead carp first appeared in Illinois in 1986 in an Illinois River backwater lake roughly 
128 kilometers upstream from the Mississippi River (Figure 2; Table 2; Appendix). In 1987, a 
bighead carp was caught in the Mississippi River above Pool 26. Bighead carp were first 
collected in southern Illinois in 1992 (Figure 3). Bighead carp collections increased slowly and 
steadily along the lower Illinois and Mississippi rivers during 1992-1997, but in 1997 one was 
found far upstream in the Kaskaskia River (Figure 4). In 1998 the number of bighead carp 
occurrences began to increase and then jumped sharply in 2000 and 2001. After 2001, the new 
bighead occurrences occurred consistently in all years, though not at the same rate as 2000 and 
2001 (Table 2).  
Cumulative frequency distributions of occurrence for bighead, silver, and grass carp 
remained low for several years then began to increase in the mid-1990s. Bighead carp began 
rapid geographic expansion in the mainstem rivers in 1996 after only 10 years of lag, but rapid 
expansion by bigheads in tributaries began three years earlier in 1993 (Figure 5a). After a 16-
year lag period, silver carp began rapid expansion in mainstem rivers and tributaries in 1999, and 
they exhibited the fastest rates of expansion over all, with cumulative frequency distributions 
(CF) rising from 10% to 90% in the least amount of time relative to bighead and grass carp 
(Figure 5b). Grass carp began rapid expansion rivers and tributaries in 1996, after a 25-year lag 
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period (Figure 5c; Table 3). Cumulative frequency distributions (CFDs) for all three species 
show little indication that expansion rates have plateaued. 
Bighead carp had the shortest lag periods in tributaries and mainstem rivers. They were 
the first Asian carp to begin rapid expansion in tributaries, but they experienced the slowest 
increase of CF in tributaries, particularly between 10% and 50% (Figures 6a and 6b; Table 3). 
Increases in tributary CF preceded growth of river CF for bighead carp until 2005 (Figure 5a). 
The river CF for bighead carp remained below 10% until 1996, but the tributary CF had reached 
10% by 1993 (Table 3). Whereas the tributary CF reached 40% by 1997, the mainstem river CF 
did not reach 40% until 2000. Both had reached 50% by 2001. From 2005 on, cumulative 
frequency distributions for river and tributary expansion were nearly identical for bighead carp.  
Silver carp appeared in Illinois before bighead carp, but they were the last Asian carp to 
begin rapid geographic expansion (Figures 6a and 6b). Increases of cumulative frequency in 
mainstem rivers preceded CF growth in tributaries until 2004, when both reached 60% (Figure 
5b; Table 3). Following 2004, river and tributary CFs grew at similar rates. Grass carp CFs in 
tributaries and mainstem rivers were the most similar to each other of all Asian carp. River and 
tributary CFs for grass carp reached nearly every 10% mark in the same year (Figure 5C; Table 
3). The two exceptions were when the tributary CF reached 20% a year before the river CF and 
when the river CF reached 40% a year earlier than the tributary CF. 
Mainstem river cumulative frequency distributions were strikingly similar for bighead 
and grass carp. However, tributary CFs showed no such similarity. Bighead and grass carp began 
rapid expansion in the mainstem rivers in 1996 and, from 1996 through 2009, both experienced 
similar rates of increase (Figure 6a). River CFs for bighead and grass carp stayed below 10% 
until 1996 and then grew exponentially, climbing to 90% in ten years (Table 3). Silver carp 
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exhibited the sharpest increases, climbing from 10% to 90% in just eight years in both the 
mainstem rivers and tributaries (Figure 6a). All three species experienced the sharpest increases 
in river CF after 2000 (Figure 6a; Table 3). 
 
Use of small streams by Asian carp in the La Grange Reach drainage area of the Illinois River 
Sampling of 35 first- through fourth-order streams in 2009 produced no bighead or silver 
carp, and only five grass carp. All grass carp were collected in the second half of the field season 
and all five specimens had undeveloped gonads. Grass carp were encountered at three sites 
ranking from second- to fourth-order: Indian Creek, Wolf Creek, and Quiver Creek (Table 4). 
The only stream characteristic common to these sites was a silt-mud substrate (Table 5).  
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CHAPTER 5:  DISCUSSION 
 
The typical pattern for non-native invasive species, as identified by invasion ecologists, 
includes an initial introduction, a period of lag in which little change in population size or 
distribution is observed, followed by a period of rapid population growth and expansion (Lodge 
1993b; Moyle and Light 1996; Simberloff 1996; Crooks and Soulé 1999; Kolar and Lodge 2001; 
Sakai et al. 2001). Bighead, silver, and grass carp followed this pattern in Illinois: they are non-
native species that were intentionally introduced and they expanded rapidly after lag periods of 
8, 16, and 25 years. Occurrence maps illustrate that expansion by invasive Asian carp 
populations in Illinois began in the lower left quadrant of the state. They first appeared in the 
Mississippi River, where they were already established further south, and expanded upstream in 
the Mississippi and into the large tributaries of the Mississippi River, the Big Muddy, Kaskaskia, 
and Illinois rivers. Subsequent expansion occurred first into other locations within these major 
tributaries and then into smaller tributaries. Asian carp are capable of moving large distances in a 
short period of time (Pflieger 1978; Kolar et al. 2007; DeGrandchamp et al. 2008), so early 
occurrences far from previous collection sites may be instances of far-ranging groups or 
individuals, though we cannot rule out the possibility that they derived from introductions near 
the new locations. 
Despite varied lengths of lag, all three Asian carp species entered rapid expansion in 
Illinois within a short period of time. Though the dates of first occurrence ranged from 1971 to 
1994, cumulative frequency distribution (CFD) response curves indicate that, for all three 
species, rapid expansion began between 1996 and 1999 in the mainstem rivers as well as in 
tributaries. Bighead and grass carp both began rapid geographic expansion in the mainstem rivers 
in 1996, expanding at strikingly similar rates. It is interesting that species with such different 
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ecologies performed so similarly. One possible explanation may lie in the above-average 
amounts of rainfall in the Illinois River drainage area during 1990, 1993, and 19952
Geographic expansion rates were very similar in tributaries and mainstem rivers for grass 
and silver carp. Expansion rates in tributary and mainstem rivers for each species reached the ten 
percent milestone within 1–2 years of each other. Tributary expansion rates lagged only slightly 
behind mainstem river rates. The one notable exception was when expansion occurred in the Big 
Muddy and Kaskaskia rivers (tributaries of the Mississippi River) prior to invasion of the Illinois 
River (considered a mainstem river in this study). However, my CFD curves might be misleading 
for tributaries. When compared to the large amount of data for the mainstem rivers, the small 
number of tributary records may produce exaggerated CFD results because small increases in the 
number of occurrences translate into large increases in the occurrence percentage. If this study 
were repeated in ten or twenty years, cumulative frequency distributions for tributaries could 
look quite different.  
. According 
to the literature, Asian carp mature within seven years in their native ranges. Given that they 
spawn during periods of high flow, the wet years of 1990 and 1993 may have triggered high or 
extended levels of spawning activity. In turn, the larger year classes of 1990 and 1993 may have 
matured to spawn in 1996 and 2000, leading to increased range expansion. Also, Travis et al. 
(2009) suggested that exponential growth in geographic expansion may indicate the presence of 
density-dependent dispersal mechanisms in growing populations. The exponential nature of the 
CFD curves could be indicative of such mechanisms for Asian carp in Illinois. 
Patterns of expansion were different for bighead carp with regard to lag time, relative to 
grass and silver carp. Grass carp began rapid geographic expansion after 25 years of lag and 
                                                          
2 http://www.isws.illinois.edu/data/climatedb/ (Available 5/22/2015) 
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silver carp after 16 years, whereas bighead carp entered rapid expansion after just 8 years. 
Tributary expansion for bighead carp outpaced river expansion until 2004. This was partly a 
result of expansion in the Kaskaskia and Big Muddy systems prior to the increase of bighead 
carp occurrences in the Illinois River. It may also be a reflection of the bighead’s habitat 
preference. Jennings (1988) and DeGrandchamp et al. (2008) wrote that bighead carp prefer 
shallower slower-moving water, and Koel et al. (2000) reported that the LTRMP caught bighead 
carp primarily in channel borders and backwater lakes, suggesting that this species may take 
advantage of newfound tributaries as they migrate upstream. However, the difference in the 
expansion patterns of bighead carp from those of grass and silver carp could be an artifact caused 
by bias in the sampling methods. Fewer records exist for bighead carp than for silver or grass 
carp, raising the possibility that sampling methods (electrofishing) may be less effective for 
bighead carp. 
I found little indication that the rate of geographic expansion was slowing prior to 2009 
for any of the three Asian carp. Sass et al. (2010) reported that the percentage of silver carp, 
relative to all other fish species captured by the LTRMP, increased from <0.1% in 1998 to 
almost 51% in 2008. Garvey et al. (2012) estimated that bighead and silver carp constituted 63% 
of the total fish biomass in Illinois River below the Peoria Lock and Dam. One possible 
explanation why Asian carp have been successful in the Illinois River is disturbance. Didham et 
al. (2005) wrote that invasive species benefit from anthropogenic disturbance and that human 
mediated disturbance is a leading cause of declines of native species. Illinois waterways have 
been greatly degraded through anthropogenic activity (Havera and Bellrose 1984; Misganaw et 
al. 2004). Most have been polluted by agricultural, industrial, or residential runoff (Pereira and 
Rostad 1990; Fitzpatrick et al. 2004). The Mississippi and Illinois rivers and many of their larger 
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tributaries have been dammed, channelized, or both (Sparks 1995). Since the passage of the 
Clean Water Act of 1972, however, water quality conditions have improved in the Illinois River 
(Misganaw et al. 2004; McClelland et al. 2012). McClelland et al. (2012) showed that species 
richness and relative abundance have increased for native and non-native fishes alike. Although 
native fishes in the Illinois River are recovering, this river’s ecosystem appears to offer little 
resistance to invasive species such as Asian carp.  
I found little evidence of widespread use of first- through fourth-order streams by Asian 
carp. Sampling of 35 first- through fourth-order stream sites only produced five grass carp and 
no bighead carp or silver carp. Only three sites held grass carp, despite that fact that survey 
records include accounts of all three Asian carp species for tributaries in the region I sampled. 
When combined, these facts suggest that use by Asian carp of smaller tributaries in the Illinois 
River La Grange Reach drainage area may be sporadic. However, my results may have been 
influenced by adverse weather conditions. All the grass carp were collected during the second 
half of my 2009 field season. Due to drought conditions, many first-order streams were already 
dry when fieldwork began in June, so any bighead or silver carp that were in smaller streams 
may have moved to larger deeper stream segments outside of my field protocol. If so, bighead 
and silver carp might persist in these streams more consistently in wetter years, but further 
research is needed to confirm this. 
The absence of Asian carp in my field results does not necessarily indicate that these fish 
do not use small streams in Illinois. I expected to collect specimens from at least the locations 
where they had been found previously. However, all grass carp collected in 2009 represented 
new records for those streams and were juveniles. Postmortem examination of these specimens 
revealed immature gonads. Bighead and silver carp specimens collected the previous year in 
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McKee Creek by the INHS were young-of-the-year. Perhaps use of small streams (<= 3o) by 
Asian carp is irregular and occurs primarily during early life stages. Another possibility is that 
Asian carp use of small streams in Illinois is limited because expansion into tributaries is in an 
early stage. For all three Asian carp species, rates of geographic expansion continued to increase 
in tributaries as well as in the mainstem rivers through 2009, and many more records of Asian 
carp were found for mainstem rivers than for tributaries. This suggests that tributary expansion is 
ongoing and that the rate is still increasing. Therefore, if patterns of expansion in tributaries 
follow those in the mainstem rivers, the invasion of tributaries may still be in its early stages. I 
recommend regular and ongoing monitoring of smaller tributaries of the Illinois River and the 
Illinois portion of the Mississippi River so that any increase in tributary use may be noted if or 
when it occurs.  
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CHAPTER 6:  SUMMARY 
 
Based on a review of the literature, this is the first time that geographic expansion by 
bighead, grass, or silver carp has been compared between mainstem rivers and their tributaries. 
Asian carp, grass (Ctenopharyngodon idella), bighead (Hypophthalmichthys nobilis), and silver 
carp (H. molitrix), were intentionally introduced into the United States in the 1960s and 70s. 
They escaped and formed invasive populations throughout the lower Mississippi River drainage 
system (Guillory and Gasaway 1978; Pflieger 1978; Cremer and Smitherman 1980; Shireman 
and Smith 1983; Clugston and Shireman 1987; Jennings 1988; Kolar et al. 2005, 2007; Schofield 
et al. 2005). Asian carp are very fecund and feed at lower trophic levels (Cremer and 
Smitherman 1980; Jennings 1988; Laird and Page 1996; Sampson 2005; Schofield et al. 2005; 
Kolar et al. 2007), potentially posing serious negative impacts for native species by the removal 
of essential forage and habitat (Opuszynski 1979; Opuszynski and Shireman 1993; Leslie et al. 
1994; Wu et al. 1997; Lu and Xie 2001; Lu et al. 2002; Cooke et al. 2009). Research on Asian 
carp in the U.S. has focused nearly exclusively on large rivers (e.g., Pimentel et al. 2005; Irons et 
al. 2007; Sampson et al. 2009; Sass et al. 2010), but little is known about the use of smaller 
rivers and streams by Asian carp. Because small streams are usually less productive than larger 
rivers (Fisher and Likens 1973; Minshall 1978; Vannote et al. 1980; Meyer et al. 2007), they 
may be more vulnerable to potential depletion of zooplankton, phytoplankton, aquatic 
vegetation, and other negative effects from invasive Asian carp. I compared rates of geographic 
expansion of Asian carp between the Mississippi and Illinois rivers with their tributaries, and 
conducted a field survey of first through third order streams along a 128 km reach of the Illinois 
River to assess the use of these habitats by Asian carp. 
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Data for my analysis of geographic expansion came from four independent survey 
programs: routine monitoring by the Illinois Department of Natural Resources, the Long Term 
Resource Monitoring Program, the Long Term Illinois, Mississippi, Ohio and Wabash River Fish 
Population Monitoring Program, and the Illinois Natural History Survey Collections Database. 
Mapping and analysis of cumulative frequency of occurrence indicate that geographic expansion 
by Asian carp in Illinois was typical of invasive species. Cumulative frequency distributions 
indicate that, similar to other invasive species, Asian carp in Illinois experienced a substantial 
period of lag followed by a period of rapid geographic expansion. Travis et al. (2009) wrote that 
range expansion by invasive species may be density-dependent. They argue that as local 
abundance grows to saturation, individuals disperse into new areas, starting new local 
populations. Travis et al. (2009) further suggested that, as the number of saturated patches 
increases, the wave of expansion grows exponentially as more emigrants disperse to seek new 
areas with greater opportunities for biological success. Cumulative frequency distributions for 
bighead, grass, and silver carp in Illinois are suggestive of such density-dependent dispersal 
mechanisms.  
Grass carp began to expand rapidly, in the mainstem rivers and tributaries, after 25 years 
of lag. Silver carp entered rapid expansion after 16 years. Bighead carp experienced 10 years of 
lag in the mainstem rivers, but just 8 years in tributaries. Though lag times differed, all three 
species began rapid expansion within a seven-year period. Cumulative frequency distributions of 
occurrence in the mainstem rivers were very similar for bighead and grass carp. For silver carp, 
cumulative frequency distributions in the mainstem rivers and tributaries were very similar. 
Sampling efforts in 35 sites in first- through fourth-order streams along the LaGrange Reach of 
the Illinois River during the summer of 2009 produced five grass carp and no bighead or silver 
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carp. Cumulative frequency distribution analysis of survey data suggests that geographic 
expansion of Asian carp in tributaries of the Illinois and Mississippi rivers is in an early stage 
and likely still increasing. The small number of stream occurrences of Asian carp in my field 
work are consistent with this notion. Continued monitoring of tributaries throughout the state is 
recommended.  
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YEAR
BHCP 
River 
Samples
SVCP 
River 
Samples
GSCP 
River 
Samples
YEAR
BHCP 
River 
Samples
SVCP 
River 
Samples
GSCP 
River 
Samples
YEAR
BHCP 
River 
Samples
SVCP 
River 
Samples
GSCP 
River 
Samples
YEAR
BHCP 
River 
Samples
SVCP 
River 
Samples
GSCP 
River 
Samples
1992 0 0 1 1971 0 0 1 2001 0 3 0 1991 1 0 2
1994 0 0 2 1982 0 0 1 2002 0 2 3 1992 7 0 8
1997 0 0 3 1983 0 1 1 2003 0 1 1 1993 1 0 1
1998 0 0 5 1986 1 1 0 2004 1 6 3 1994 3 0 17
1999 1 0 1 1987 1 0 0 2005 0 6 1 1995 4 0 11
2000 3 2 5 1990 1 0 1 2006 0 4 1 1996 14 0 8
2001 2 1 5 1993 1 0 1 2007 0 3 4 1997 24 0 35
2002 2 1 2 1994 0 0 1 2008 0 10 2 1998 26 3 32
2003 4 10 9 1996 1 0 0 2009 0 14 4 1999 26 3 46
2004 5 8 10 1998 1 2 0 2000 120 55 106
2005 6 10 10 2000 13 9 13 2001 101 46 57
2006 5 12 10 2001 1 0 0 2002 52 40 37
2009 1 0 0 2004 1 1 2 2003 44 67 69
2005 0 1 1 2004 47 111 60
2006 1 1 0 2005 18 73 46
2008 0 1 0 2006 15 77 47
2009 0 0 0 2007 33 192 63
2008 66 268 84
2009 39 206 91
TOTALS 29 44 63 22 17 22 1 49 19 641 1141 820
21% 33% 46% 36% 28% 36% 1% 71% 28% 25% 44% 31%
IDNR INHS LTEF LTRMP
TABLES AND FIGURES 
 
 
Table 1. Comparison by program of Asian carp survey data for the Illinois River and the Illinois portion of the Mississippi River. 
IDNR = Illinois Department of Natural Resources, INHS = Illinois Natural History Survey Fish Collection, LTEF = Long Term 
Illinois, Mississippi, Ohio, and Wabash River Fish Monitoring Program, LTRMP = Long Term Resource Monitoring Program. BHCP 
= bighead carp (Hypophthalmichthys nobilis), SVCP = silver carp (H. molitrix), and GSCP = grass carp (Ctenopharyngodon idella). 
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Year
BHCP 
River 
Samples
BHCP 
Tributary 
Samples
Year
SVCP 
River 
Samples
SVCP 
Tributary 
Samples
Year
GSCP 
River 
Samples
GSCP 
Tributary 
Samples
1986 1 0 1983 1 0 1971 1 0
1987 1 0 1984 0 0 1972 0 0
1988 0 0 1985 0 0 1973 0 0
1989 0 0 1986 1 0 1974 0 0
1990 1 1 1987 0 0 1975 0 1
1991 1 0 1988 0 0 1976 0 0
1992 7 1 1989 0 0 1977 0 0
1993 2 0 1990 0 0 1978 0 0
1994 3 2 1991 0 0 1979 0 0
1995 4 1 1992 0 0 1980 0 0
1996 15 1 1993 0 0 1981 0 0
1997 24 2 1994 0 2 1982 1 0
1998 27 5 1995 0 0 1983 1 0
1999 27 0 1996 0 0 1984 0 0
2000 136 1 1997 0 0 1985 0 0
2001 104 1 1998 5 1 1986 0 0
2002 54 0 1999 3 2 1987 0 0
2003 48 5 2000 66 1 1988 0 0
2004 54 2 2001 50 3 1989 0 0
2005 24 0 2002 43 0 1990 1 0
2006 21 4 2003 78 5 1991 2 0
2007 33 0 2004 126 6 1992 9 3
2008 66 2 2005 90 12 1993 2 0
2009 40 2 2006 94 6 1994 20 0
Total 693 30 2007 195 3 1995 11 0
95.9% 4.1% 2008 279 5 1996 8 4
2009 220 1 1997 38 6
Total 1251 47 1998 37 10
96.4% 3.6% 1999 47 0
2000 124 7
2001 62 3
2002 42 3
2003 79 10
2004 75 12
2005 58 8
2006 58 10
2007 67 3
2008 86 8
2009 95 1
Total 924 89
91.2% 8.8%
Table 2. Number of occurrences per year in survey records for bighead carp 
(Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) in the Illinois River and the Illinois portion of the Mississippi River, and their tributaries 
from 1971–2009. Data were provided by the Illinois Department of Natural Resources, the 
Illinois Natural History Survey Fish Collection, the Long Term Illinois, Mississippi, Ohio, and 
Wabash River Fish Population Monitoring Program, and the Long Term Resource Monitoring 
Program BHCP = bighead carp, SVCP = silver carp, and GSCP = grass carp. 
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Table 3. Important dates for geographic expansion by bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass 
carp (Ctenopharyngodon idella) in the Mississippi and Illinois rivers and their tributaries during 1971–2009. Data were provided by 
the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, Mississippi, 
Ohio, and Wabash River Fish Population Monitoring Program, and the Long Term Resource Monitoring Program. 
 
 
  
  Bighead Carp Silver Carp Grass Carp 
  Rivers Tributaries Rivers Tributaries Rivers Tributaries 
First 
Appearance 1986 1990 1983 1994 1971 1975 
Rapid 
Expansion 
Began 
1996 1993 1999 1999 1996 1996 
Cumulative 
Frequency of 
Occurrence 
      
10% 1996 1993 1999 1999 1996 1996 
20% 1999 1995 2000 2002 1998 1997 
30% 1999 1997 2002 2003 1999 1999 
40% 2000 1997 2003 2003 2000 2002 
50% 2001 2000 2003 2004 2002 2002 
60% 2003 2002 2004 2004 2003 2003 
70% 2004 2003 2005 2005 2004 2004 
80% 2005 2005 2005 2005 2005 2005 
90% 2005 2005 2007 2007 2006 2007 
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Table 4. Stream fish sampling sites, in the Illinois River La Grange Reach drainage area, at which bighead carp (Hypophthalmichthys 
nobilis), silver carp (H. molitrix), or grass carp (Ctenopharyngodon idella), were collected during field work in 2009. Stream order 
was determined using the 2006 DeLorme Atlas & Gazetteer of Illinois. Fish were collected with either a 2.4-m long x 1.2-m deep 
minnow seine with 3 mm mesh, or a 3.7-m long by 1.5-m deep bag seine with 3 mm mesh. 
 
 
 
 
  
 
 
 
 
 
 
Table 5. Habitat characteristics of stream fish sampling sites, in the Illinois River La Grange Reach drainage area, where grass carp 
(Ctenopharyngodon idella) were collected during field work in 2009. Habitat characteristics were measured using methods described 
in Murphy BR, Willis DW (eds) (1996) Fisheries Techniques, 2nd edn. American Fisheries Society, Bethesda. 
 
Sample 
Date 
Sample 
Site 
Air 
Temp. 
(oC) 
Water 
Temp. 
(oC) 
Water 
Conductivity 
(µmhos/cm) 
Secchi 
Depth 
(cm) 
Stream 
Flow 
(m/sec) 
Mean 
Stream 
Width 
(m) 
Mean 
thalweg 
depth 
(cm) 
Substrate Vegetation 
09/01/2009 Indian Creek 22.8 14.9 704 34.3 0.07 5.94 45.7 
silt-mud, 
claypan none 
09/03/2009 Wolf Creek 19.4 18.4 715 34.3 0.04 6.71 66.0 
silt-mud, 
claypan none 
10/14/2009 Quiver Creek 7.2 10.0 589 43.2 0.11 23.77 90.2 silt-mud 
flooded 
terrestrial 
 
 
Sample Date Sample Site County Stream Order Bighead carp Silver Carp Grass Carp 
09/01/2009 Indian Creek Menard 2 0 0 1 
09/03/2009 Wolf Creek Sangamon 3 0 0 2 
10/14/2009 Quiver Creek Mason 4 0 0 2 
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Figure 1. Locations of 2009 field sites in the Illinois River La Grange Reach drainage area. 
Open circles represent sampling sites. Black circles represent sampling sites at which Asian carp 
were collected. Gray circles depict cities and towns. 
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Figure 2. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–1989 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Population Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure 3. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–1995 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure 4. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–2009 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure 5. Cumulative frequency of occurrence of (A) bighead carp (Hypophthalmichthys 
nobilis), (B) silver carp (H. molitrix), and (C) grass carp (Ctenopharyngodon idella) in the 
Illinois River and the Illinois portion of the Mississippi River, and their tributaries during 1971–
2009. Data were provided by the Illinois Department of Natural Resources, the Illinois Natural 
History Survey Fish Collection, the Long Term Illinois, Mississippi, Ohio, and Wabash River 
Fish Monitoring Program, and the Long Term Resource Monitoring Program. BHCP = bighead 
carp, SVCP = silver carp, and GSCP = grass carp. 
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Figure 6. Cumulative Frequency of Occurrence for Bighead Carp (Hypophthalmichthys nobilis), 
Silver Carp (H. molitrix), and Grass Carp (Ctenopharyngodon idella) in (A) the Illinois River 
and the Illinois portion of the Mississippi River, and (B) their tributaries during 1971–2009. Data 
were provided by the Illinois Department of Natural Resources, the Illinois Natural History 
Survey Fish Collection, the Long Term Illinois, Mississippi, Ohio, and Wabash River Fish 
Study, and the Long Term Resource Monitoring Program.  
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APPENDIX: 
MAPS OF ASIAN CARP ANNUAL OCCURRENCES IN ILLINOIS 
 
 
The Asian carp occurrence maps were generated by importing presence-absence data into 
ArcMap. The maps show occurrences of Asian carp in the Illinois River, the Illinois portion 
of the Mississippi River, and their tributaries from 1971 through 2009. 
 
 
 50 
Figure A1. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided by the 
Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, Mississippi, 
Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A2. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–1982 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A3. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–1983 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A4. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–1986 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A5. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–1987 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A6. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–1990 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A7. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–1992 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A8. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–1993 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A9. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–1994 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A10. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–1995 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A11. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–1996 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A12. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–1997 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A13. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–1998 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A14. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–1999 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A15. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–2000 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A16. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–2001 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A17. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–2002 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A18. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–2003 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A19. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–2004 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A20. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–2005 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A21. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–2006 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A22. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–2007 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
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Figure A23. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–2008 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
 
 
 
  
 73 
Figure A24. Occurrences of bighead carp (Hypophthalmichthys nobilis), silver carp (H. molitrix), and grass carp (Ctenopharyngodon 
idella) during 1971–2009 in the Illinois River, the Illinois portion of the Mississippi River, and their tributaries. Data were provided 
by the Illinois Department of Natural Resources, the Illinois Natural History Survey Fish Collection, the Long Term Illinois, 
Mississippi, Ohio, and Wabash River Fish Monitoring Program, and the Long Term Resource Monitoring Program. 
 
 
 
 
 
 
 
